Objective To prospectively evaluate the effects of resistance training combined with increased energy intake or protein-supplementation on lean body-mass, resting metabolic-rate (RMR) and cardiovascular risk factors.
Introduction
The increasing prevalence of obesity and overweight affects more than a billion humans and has become a major health problem worldwide [1] . People with excess body weight have an increased risk to develop type 2 diabetes, dyslipidemia, hypertension and cancer [2] . In general the body weight increases when energy intake exceeds energy expenditure, although there is considerable inter-individual variation regarding the absolute weight-gain during increased energy intake [3] [4] [5] . Current strategies to lose weight usually include cutting down on caloric intake in combination with increasing physical exercise in order to accomplish a negative energy balance.
It is well known that the variation in resting metabolic rate (RMR) to a large part is determined by the amount of lean body-mass [6] , i.e. muscle mass, since the muscle tissue consumes relatively large amounts of energy at rest, in particular if compared to the much less energy demanding fat tissue. Indeed, fat tissue has the main purpose to store energy in the form of triglycerides that can be released as free fatty acids and glycerol in between meals.
Typically the correlation between RMR and total lean body mass gives an r 2 value of 0.9 implying that 90% of the variation in RMR is determined by the amount of muscle mass [3, 7] . Other factors that regulate RMR include thyroid hormones [8] and the sympathetic nervous system activity [9, 10] .
The metabolic effects of insulin are mainly to increase glucose uptake by means of translocation of the GLUT4 glucose transporter in fat cells and muscle tissue and also to reduce lipolysis in fat tissue [11] . The levels of insulin increases during weight gain [4] to overcome the resistance to glucose lowering effects of insulin. Speculatively, it is possible that anabolic effects of insulin in muscle tissue, in contrast to the metabolic actions, might remain intact in obesity and in such case a specific resistance to the metabolic effects could potentially increase anabolism in muscle tissue as a consequence of raised insulin levels.
Indeed, such an effect would be of use as the body gets heavier in obesity. Among body builders the term "bulking" refers to gaining muscle tissue by extra consumption of calories while keeping the type of exercises that are performed more or less unchanged.
Some earlier studies have demonstrated that resistance training can increase lean body mass and concomitantly elevate RMR [12] [13] [14] [15] , although this has not always been the case in both genders [12] or when studied separately in women [15, 16] . Resistance training has also been shown to reduce the decrease in resting metabolic rate during weight loss [17] . To our knowledge, however, there have been no earlier randomized trials on the effects of increased energy intake to achieve increased insulin levels during resistance training also including a long-term follow up. An effect of training to increase muscle mass, if also achieving increased metabolic rate, would make such recommendations of interest to avoid obesity in the long run.
We recruited 24 healthy males to prospectively study if resistance exercise for three months increases RMR in parallel with a presumed increase of muscle mass. The participants were also randomized to either consume extra protein or to a general increase in calories by an extra meal of fast-food per day as a pilot study of the potential modulation of the response in muscle mass by increased energy intake and presumed increases of insulin levels. The protocol also included assessment of long-term effects of the intervention by re-investigation of muscle mass and RMR after one year and potential interactions with testosterone by means of urinary steroid analyses. Our hypothesis was that resistance training would increase muscle mass leading to an increased basal metabolic rate and that this effect might be enhanced further by consumption of fast food by means of increased levels of the anabolic hormone insulin.
Methods

Subjects
By local advertising we recruited 24 men aged 19-32 years, as volunteers for the study. All subjects except one were medical students. The participants were free from current diseases as judged by medical check-up and history. Subjects were randomly assigned either to resistance training in combination with addition of a fast-food-based meal/day or the same kind of resistance training in combination with protein supplement.
Exercise
All participants attended a local gym (Nautilus, Linköping, Sweden) for resistance training and were asked to exercise at least 1 hour, 3 times a week. They were asked not to perform endurance or aerobic exercises except when warming-up for the resistance training. The participants followed an introduction given by instructors at the gym, whom also were available for questioning throughout the study period. Participants were asked to individually apply maximal muscle strength and there were 3-5 training sets with 8-10 repetitions in each set. The participants made notes on how often and for how long time on each occasion that they exercised.
Food intake
The group randomized to a general increase in caloric intake were instructed to eat one fastfood-based meal a day at well known fast-food restaurants with a typical composition of 1350 kcal in total, 51 g of fat in total (saturated fat: 17 g), 41 g protein and 182 g carbohydrates. recommendations on how to eat or exercise were given and a long-term follow up was scheduled also at 12 months after study start.
The participants completed a 7-day diet diary including weekdays and weekends, both before the start of the study and after three months of training. In the diaries they could find written information about how to report their meals. The participants were equipped with scales to accomplish this task, and food composition was analyzed as described earlier [18, 19] 
Muscle strength
The participants warmed-up by cycling on a bicycle ergometer for five minutes and the torque of the quadriceps and hamstring muscles was then recorded using a Biodex machine (Biodex Medical Systems Inc., Ronkonkoma, NY). The participants were secured to the chair with body straps, and the resistance pad on the measuring arm was placed at the level of the ankle joint. Before the recording, sub-maximal familiarization repetitions were performed. Three repetitions of maximal isokinetic 60°/sec knee extension and flexion were then performed and documented when using the dominant leg [20] . All the investigations were performed at baseline and within one week after the last training session, except for one participant, who for logistic reasons was followed up 13 days after the last training session.
Laboratory analyses
In order to analyze potential anabolic effects of natural anabolic hormones, urinary samples for testosterone analyses were collected as morning urine, after at least 5 hours of sleep, at baseline and at the end of the three month period. Urine-testosterone was determined by gas chromatography-mass spectrometry (7890A GC and 5975C MSD, Agilent Technologies, Santa Clara, California, USA) and sample preparation included enzymatic hydrolysis, liquidliquid extraction and derivatization, as previously described, with minor modifications [21, 22] . The concentrations of testosterone were measured by using the internal standard d 3 -testosterone. The between day precision (CV) during one year (n=56) were 14.7 % at 5 ng/mL and 12.2 % at 100 ng/mL. The limit of quantification was 1.0 ng/mL urine.
Blood for laboratory tests was drawn in the fasting state at baseline, i.e. before starting training, at the end of the training-period of the study, and at 12 months. Serum-insulin was assayed using an immunoassay method (AutoDelfia, Perkin Elmer, Linköping, Sweden).
Total-cholesterol, HDL-cholesterol and triglycerides were determined by colorimetric analyses (Siemens, Liederbach, Germany) and LDL-cholesterol was calculated according to the Friedewald formula (total-cholesterol -HDL-cholesterol -0.456 x total triglyceride concentration). Glucose was determined by the hexokinase method (Siemens, Liederbach, Germany). Homeostasis model assessment (HOMA) index of insulin resistance was calculated as: glucose concentration x insulin concentration/22.5 [23] , while the Quantitative insulin sensitivity check index (QUICKI) was calculated as: 1/[log (insulin concentration) + log (glucose concentration)] [24] .
Muscle mass and metabolic rate
The subjects were subjected to Dual Energy X-ray Absorptiometry (DEXA: Lunar Prodigy, GE Healthcare, Waukesha, Wisconsin, USA), for analysis of body composition. The technique for measurement of RMR has been described earlier [3] and was based on analysis of CO 2 production and O 2 consumption with Delta Trac equipment (SensorMedics, Yorba
Linda, California, USA). The RMR was measured at least 36 hours after the previous training session in the morning in the fasting state at baseline, after one (week 4-7), 3 and 12 months.
The Delta Trac equipment was calibrated ahead of each use. All anthropometric measurements during the training period of the study were done by the same investigator, DH, while follow up was conducted by MV.
Statistics
Statistical calculations were done with PASW 18.0 software (SPSS Inc. Chicago, IL, USA).
Comparisons within and between groups were done with Student's paired and unpaired 2-tailed t-test or as stated in the results section. Mean values and standard deviations are given, unless otherwise stated. Statistical significance was considered at the 5% level (p≤ 0.05).
Linear correlations were done according to Pearson and analysis of RMR and lean body mass over time (three time points) was calculated with ANOVA/repeated measures. The SD of the difference of pair-wise RMR registrations divided by the mean value of the registrations (the precision) according to an earlier investigation by us [3] was 3% which gave 80% power to detect a 5% change of RMR within any of the two groups.
Ethics
The study was approved by the Regional Ethics Committee of Linköping and performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participating subjects.
Results
All 24 recruited participants completed the trial during the spring of 2008. None of the participants had been performing resistance training during the previous 6 months, 4 had never earlier practiced resistance training. During the 12 week study period the participants exercised on 32±5 occasions with no difference between groups (extra protein: 31±2 occasions, extra meal: 34±6 occasions, p= 0.16). The total time spent in the gym was also similar in the groups (extra protein: 1982±489 minutes, extra meal: 2324±489 minutes, p= 0.10). One participant was using snuff (moist tobacco), and one subject was a smoker. The recruited participants gained on average 3.6±2.8 kg in body weight with no statistical difference between the two groups ( Table I) . Levels of ApoB increased in the extra meal group only, and levels of ApoB/ApoA1-ratio increased in both groups (Table I ). The marker of insulin resistance, HOMA, increased and QUICKI, index of insulin sensitivity, decreased in the extra meal group, and levels of fasting insulin also increased more in the group with increased energy intake (all p for changes between groups <0.05, see Table I ). Table II shows changes in macro-nutrient intake, body composition, muscle strength, and testosterone-epitestosterone-ratio in urine following the intervention. The increases in lean body-mass and muscle strength were similar in both groups while the amount of increase in body fat was statistically significant only in the extra meal group. However, the difference was not statistically significant between the groups (Table II) . In all participants there was a correlation between the number of training sessions and increase in RMR during the study (linear regression, r= 0.71, p <0.0001), while there was a trend for a similar relationship with change of lean body mass and number of training sessions (r= 0.39, p= 0.062). The level of the anabolic hormone testosterone, measured as the testosterone/epitestosterone-ratio in urine, was unchanged by the intervention (Table II) and the level at baseline was unrelated to the increase in muscle mass or RMR (all p >0.5). There was no correlation between the change in intake of protein and the corresponding change of daily intake of calories (r= 0.20, p= 0.4).
There was no correlation between change of RMR and change of lean body mass in linear regression analysis in the total material at three months (r= 0.1, p= 0.8). However, RMR per kg lean body mass was higher after 3 months of exercise (total material before 30.0±2.4
kcal/kg, after: 31.6±2.2 kcal/kg, p= 0.003 in paired t-test). This increase in RMR per kg lean body mass was related to the increase in body fat content (linear regression analysis r= 0.42, p= 0.04). The change in RMR per kg lean body mass was independent of protein or caloric intake (all p >0.5). Nineteen of the 24 participants were available for long-term follow up after 12 months and at this investigation, RMR per kg lean body mass did not differ from that at baseline (baseline 30.3±2.6, long-term: 30.5±2.0 kcal/kg, p= 0.6, n= 19). There was a statistically significant correlation between the change of RMR with the corresponding change in lean body mass from baseline to results after one year (r= 0.70, p= 0.001, n= 19).
Of the 10 subjects that had earlier been randomized to extra protein, two claimed that they still performed resistance training 1-2 times/week while one subject exercised 3-4 times/week.
Corresponding figures for the fast-food group were 6 subjects exercising 1-2 times/week after one year. RMR, body weight, total fat and lean body masses had returned to baseline levels at long-term follow up (see Table III ). Those nine subjects that reported that they performed resistance training after one year also showed RMR and muscle mass at similar levels as at baseline (p> 0.5 for both comparisons).
Discussion
Our study showed that three months of resistance exercise increased RMR and lean body mass. Statistical analyses suggested that part of the increase in RMR at three months was a consequence of an increase in the RMR per kg of lean body mass, i.e. an increased energy requirement per weight unit of muscle tissue at rest. The absolute increase in RMR was similar in both groups after three months, which suggests that it was independent of an increased amount of intake of calories from fat and carbohydrates as was accomplished in the extra meal group. At long-term follow up RMR per kg of lean body mass did not differ from that at baseline, and at this time point the change from baseline in lean body mass correlated strongly with the corresponding change in RMR. This suggests that the variation in RMR is indeed related to change in muscle tissue mass in long-term.
Although we did find higher levels of insulin in the group randomized to fast-food, this was not accompanied by a more pronounced accumulation of muscle tissue. This suggests that potential anabolic effects of insulin do not affect the RMR or muscle mass per se. However, our study might have been underpowered to study such effects, and the interpretation and analysis of the data showed that the number of training sessions contributed to the increase in RMR, a phenomenon that might have reduced the ability to detect effects of other variables that also could have contributed to change in muscle tissue. However, our main goal was to study prospectively the potential effect of resistance training for a relatively short time period, so we encouraged all participants to exercise as much as possible rather than restraining all participants to perform the same amount of exercise. Furthermore we believe that introducing strict training schedules with control of time and effort spent by the participants would make findings of less clinical interest since such resources are unlikely to be present in the long term. It is noteworthy that the changes in insulin and C-peptide levels were numerically small compared with spontaneous variation in a population in which fasting insulin levels and insulin sensitivity can vary 10-fold [25] . Accordingly our study should be viewed upon as a pilot-study of the importance of insulin acting as an important anabolic factor in building muscle tissue. Larger studies would be needed to better test this hypothesis since the lack of a positive finding in our study suggests that any such effect is not very strong, at least not in the cohort of young and healthy men as in our trial. Furthermore, the group that was randomized to extra intake of fast food not only tended to gain more fat tissue, but displayed both reduced insulin sensitivity and higher ApoB levels, despite being more fit in the sense of gaining muscle strength, and these are effects that are unbeneficial regarding cardiovascular risk in the long term.
Our study was performed in healthy young males which might reduce the relevance of our findings for subjects in general. However, the time period for the resistance exercise was also limited and, in particular since we found that the number of training sessions related positively with the increase in RMR, it is highly conceivable that prolonged training periods would have induced stronger effects.
In order to study temporal effects in RMR, and also to give feedback to the participants, we measured RMR and body weight at one month in both groups. Somewhat surprisingly we found that many participants had numerically higher levels of RMR at this time point than at the end of the training-period. Body weight, which was also recorded at this occasion, was higher after three months than at this time point which makes it unlikely that the temporary increase in RMR seen in many of the participants was an effect of the increased energy intake.
However, exact mechanisms behind this increase in RMR after only one month could unfortunately not be studied since we only examined weight and RMR at this time point, as the major aim of the study was to investigate the studied parameters after three months and at one year. One might speculate that the extra pronounced increase in RMR at the recording at 4 weeks was related to more strenuous training in some of the participants in the early phase of the trial. This would be in line with the finding of a positive correlation between the number of total training sessions and the change in RMR between week 4 and after 3 months.
RMR per kg muscle tissue increased after 3 months and at this time point RMR was also higher than at baseline. An increased energy expenditure in muscle has earlier been found to be correlated with amount of fat tissue [26] , which was in line with our findings of a correlation with the increase in body fat content. It has also been suggested that resistance training increases sympathetic nervous system activity, which positively affects RMR, as has earlier been suggested to occur in older men [14] , but no such measurements were part of our study protocol.
After one year RMR and muscle mass were similar as at baseline in the total group suggesting that to accomplish a more permanent increase in RMR by resistance training it is required that the exercise activities become routine in every-day life. Detraining is well known to cause reduction of muscle mass [27, 28] , but we had anticipated that several of these healthy young individuals might change training habits inspired by the study and hence that potentially some part of the increase in muscle mass would have remained after 1 year. Indeed, almost half of the participants reported that they performed regular resistance training after one year, but apparently this was not intense enough to preserve the initial increase in muscle mass and RMR in this sub-group. Also it should be pointed out that regular exercise induces increased caloric expenditure that allows a higher energy intake. However, it should be pointed out that if the habit to perform regular resistance training ceases, a parallel reduction of caloric intake should also be undertaken to avoid that obesity develops by mismatch of energy intake and energy expenditure in the long run.
In conclusion we showed that it was feasible to increase RMR by three months of resistance exercise and that the increase was dependent on both an increase in muscle mass and a higher resting metabolic rate per kg of muscle tissue. However, it was equally efficient to combine the training with an increase of intake of protein as compared with a more general intake of calories in order to increase the RMR. Indeed such generally increased caloric intake in our study, based on fast food, was linked to both reduced insulin sensitivity and to higher ApoB levels, effects that are unbeneficial for long term cardiovascular health. However, resistance training with intake of extra protein, or a more general increase of caloric intake, could be helpful to avoid obesity, if performed regularly, by induction of increased RMR. Indeed, almost half of the participants that were available for long term follow up performed resistance training regularly.
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